Analysis of potential genotoxic impurities in pharmaceuticals by two-dimensional gas chromatography with Deans switching and independent column temperature control using a low-thermal-mass oven module.
The analysis of potential genotoxic impurities (PGIs) in active pharmaceutical ingredients (APIs) is a challenging task. The target limit of detection for a PGI in an API is typically 1 ppm (1 microg/g API). This is about 500 times lower than for classical impurity analysis. Consequently, analytical methods for trace analysis, mostly in combination with MS detection, need to be applied for the qualitative and quantitative determination of these impurities. A two-dimensional capillary GC method is presented that can be used for the determination of some target PGIs. A concentrated solution of the API sample is directly introduced in the GC-MS system, using an apolar column for first-dimension separation. The fraction (heart-cut) containing the PGIs is transferred to a second capillary column, installed in a low-thermal-mass oven (LTM). The LTM focuses the heart-cut(s) and allows independent temperature-programmed analysis with a polar second-dimension column. The API, solvent, and derivatization agents are not introduced in the second column or in the MS detector, avoiding contamination, column degradation, and target analyte peak detection/integration issues. The performance of this set-up is illustrated by the analysis of some Michael-reactive acceptor PGIs and haloalcohols in carbamazepine as test matrix. Excellent reproducibility (<10% RSD) at the low parts per million level and low detection limits (<1 ppm) were obtained.